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1. Introduction.
Let Y í s an Earth t1de observation, 1.e. an ord1nate of a record
Hice those on F1g. 1. The general model for Y í s
(1 ) y G + D + e
where G 1s the pure t1dal component of the record, D 1s the drlft and e
is the error of the observat1on. If the popular slang of the
commun1cat~on technique is used, G is the useful signal of the record, e
is the noise and D - somewhat between signal and noise.
The task of the tidal analysis is to estimate the parameters upon
which depends G, oro which is the same, to get the estimate G of G. Form
this point of vie.•••D í s a function of the time wh1ch describes the
zero-line of the record.
The same data Y can be used for non-tidal problems like recent
crustal movements, superficial deformations, volcano and earthquake
precursors etc. These problems need the determination of the second
component of (1), Le. the estimate D of D. For example as precursors
can be consldered some accelerat10ns and jumps of D (by the way, .•••e can
look for precursors in G as well).
In order to get G .•••e need to separate 1t from D. This can be done
only if .•••e obta1n, in one or another way, the estimate D. Thus .•••e see
that the tidal analysis of Y has to satisfy both tidal and non-tidal
problems.
Evidently..•••e shaLl have good estimates G and D if .•••e can reduce
the effect of the no í se e on both of them. It í s out of question to
estimate e dlrectly. We can only define the residuals.
(2) r = y. - G - D.
and set up a reasonable condition about them. When e is a white noise
most reasonable is the cond í tion of the Method of the Least Squares
(here and further MLS),
(3) Min.
For the use of (3) we need analytical models of G and D. There are
no problems w1th the model of G but we have not a good theory about D.
That 1s why a crucial moment of the analysis is how it deals with the
dr1ft.
In a classical effort to apply the MLS Horn (1959) suggested to
approximate the drift by a polynom1al over the whole interval of the
observations. The method of Horn could not accept gaps and data 1ike
those on Fig. 1.b.
In another application of the MLS (Venedikov, 1966, Melchior and
Venedikov, 1968, see also Melchior, 1978), which will be called here
M67, a more flexible model of the drlft was accepted. The record to be
processed is subdivided into 1ntervals, we shall call them ~, of length
n = 48 hours as 1t 15 shown on the following scheme
n 48 48 48 48 48 48 48
I I I gap I I gap I l·· .
other other
pertur- pertur-
bations bations
Intervals ~ in the method of analys1s M67.
The dr1ft 15 approximated independently in every ~ by a polynomial
of low fixed order (Figure 2). This kind of approximation admits any
changes in the drift as well as any gaps between the 6.
In M67 the hourly ordinates Y are replaced as observations by a
pair of filtered numbers for every ~ and every one of the main tidal
bands D (diurnal), SD (semidiurnal) and TD (terdiurnal). This is made in
order to avoid the correlation of e and get asevere estimate of the
precision, different for the D, SD and TD tides.
Afterwards several methods were proposed, e.g. (Chojnicki, 1973,
Schüller, 1911, Jentzsch, 1911) as well as a more flexible var í an t of
M61 (Venedikov, 1984). However, none of these methods could show
significant advantages with respect to M61.
A most interestlng modern approach to the problem was made by the
method used in Mlzusawa (Ishiguro, Akalke, Ooe & Nakai, 1983, Tamur a,
Sato, Ooe & Ishlguro, 1991). In this method the gaps define natural
intervals of the record. In each lnterval we get a separately est1mated
drift. The drift model is related with a condition for every sequence of
three ord1nates.
Here we shall propose a method (here and further M92) whlch 15
partly a general1zat1on of M61, partly its alternative. The motives for
its creation are the following.
First, there are modern observations of high quallty with very
stable drlft. For them the model used by M61, which is good for an
irregular drift, may be not necessary. We can hope that the drift can be
approximated in intervals ~ much longer than 48 hours.
Second, for such observations the correlation of the noise may be
not so important. We can try to avoid the use of the f11 tered numbers
and return to the hourly ordinates.
Finally, now we have powerful computers which allow the development
of very sophisticated methods. We can make very complicated exper1ments
and we are, in a way, obliged to exploit these possibilities.
However, a more sophisticated method does not yet means a better
method and we do not suggest necessarily to replace H61 by M92. What
seems quite sure, it could be useful to apply in parallel both methods.
2. The tidal modelo
If G
l
is the value of G at time t, we have the theoretical model
(4) G
l
L 08 cos (t + w t + K)
1< 1< 1<
1<
where each term represents a tidal wave with an index k.
The quantlties w (angular veloclty) , H (theoretical amp l í tude )
1< 1<
and t
k
Onlt1al theoretical phase ) are well known. The parameters o
(amplitude factor) and K (phase shift) are the unknown parameters of G
whose estimates are the object of the analysis. They can be considered
as functions of the angular velocity w,
(5) <5(w) and
k
K = K (W ).
k
A problem is the great number of the tides in (4) - in the modern
tidal potential developments of Tamura (1987) and Xi Quinwen (1985)
there are more than 1000 tidal waves.
T~<s 1s easy to overcome this problem by using that (5) are slowly
varying functions. We can shape groups of tldes, say g groups, wi th
close w
k
and accept that <5 and K are constants within a group. If k = kJ
are the indices of the tides in the J-th group, we can set up
(6) <5(W )
k
for k
<5 = consto and K(W )
J k
k
J
, J = 1.2, ... g
K
J
consto
and introduce the unknowns (Venedikov, 1961, 1966)
(7) ~ = <5 cos K and ~ = -ó sin K
J J J J J J
With them the express ion (4) becomes,
(8) G
t
9
[
)=1
(~ e (t) + ~ s (t»
J J J J
where
e (t)
j
[ Hksin(~k+wkt)
k=k
J
The grouplng or the separation of the tides should be made in
dependence on the total length of the record. It should guarantee a
linear independence (close to orthogonality) of the functions e (t) as
J
we 11 as s (t).
J
For a more convenient manipulation with (8) we can replace it by
•(9) G
t
where x and a J = 1 2 alJ tJ' , , ...
functlons (8) respectlvely.
2g, replace the unknowns (7) and the
central epoch TI
interval lJ. are
I
ordinates in lJ..
I
In the following
and, generally, a variable length ni hours.
no gaps so that ni is also the number of
lJ.
I
' with a
Within any
the hourly
3. Hodel af the drift.
The model of D in M92 is related with the scheme
lJ.
1
' n lJ.
2
,n lJ.
I
'n
I 2 I
I gap I I gap ... I
T T T
1 2 I
Intervals lJ. in the method of analysis M92.
I
The record is subdivlded into N intervals denoted by
the letter i (i 1,2, ... N) will used exclusively
as an index of an interval lJ.,
I
In every lJ.
1
we have separa te approx1mation of the dr1ft through
v
I
(10) D L ZItl P ti for a g1ven lJ..t I
It=o
At the moment we shall accept that
(11 ) Ptlt
«-r )It for lJ.
I I
so that (10) 15 a polynomial of power VI' The coeff1cients zkl of the
polynomial are unknowns specific for lJ.
I
, The power VI is also specific
for every lJ.
1
' The selection of VI will be discussed a little bit later,
In the practical application of M92, lJ.
1
are def1ned by:
(i) in any case by the gaps. like in the method of Mizusawa. ando
optionally.
(ii) by the epochs of the callbrat~ons.
(lil) by epochs glven as lnput data. related with places where we
suspect changes in the drift's behaviour.
(iv) in dependence on two integers n and n which
.in aax
n $ n $n or
.In I aax
(v) by chooslng a length n and ni = n = consto In this case we have
the scheme of M67 wlth n = 48 replaced by the chosen value of n.
Let us return to the powers vI in (10).
We must be able to work wlth VI depending on 1. 1.e. wlth
polynomlals (10) of dlfferent order for every ~I' When ni ls varlable.
we can expect higher VI for longer ~I and lower vI for shorter ~I' We
may need dlfferent VI correspondlng to the changes ln the drlft
properties and behav í our , lndependently of whether the length ni ls
variable or n = n = consto
I
Evldently. we are not able to choose. before the processing. a set
of fixed values VI' i = 1.2 •... N. That ls why M92 presumes a varlation
of vI separately for every ~I and selection of opt1mum values. Thls will
be dlscussed 1n paragraphs 5 and 6. Now. 1n the next paragraph. we shall
consider the use of the models (9) and (10) for gett1ng the est1mates of
the unknowns only for a glven flxed set of powers Vl' V •.•• V
2 11.
4. Observational equatlons and thelr solution after the ftLS.
If we jolnt (9) and (10) 1nto (1) we get the observat1onal
equations
(12) y
t Lj=l
a ](
tj j
+ for ~I' 1 1.2 •... N
•
where Y
t
is an ordlnate at tlme t. Here the error e ls ignored but we
keep 1t in mind.
According to (1) Ptk is related w1th TI and ~I and 1t would be
more correct to write Pltk' In order to avoid too many indices we shall
drop away the index i.
In a given ~I we have ni hourly ordinates Y
t
. For them the argument
time t takes the values
(13) where v
I
(n -1 )/2.
I
We shall deal first with the equations (12) for a given ~I and we
shall introduce the following matrices related with the values (13)
of t:
(14) (ni x 1) dimensional column vector
y
I
(15) (n x m) dimensional matrix
I
1,2, ... m,
(16) (n x v + 1) dimensional matrix
I I
P
I
0,1, ... v
I
Further we shall arrange the unknowns in the column vectors:
x=I1I'I, j=1,2, ... m,
J
dimension (m xl),
where x represents the tidal unknowns (~ and ~) wh1ch are common for all
~I while ZI represents the drift unknowns, which are related wi th ~l'
1.e. wh1ch depend on i. The number of the elements of zl' vl+1, 1s also
depend1ng on 1.
By using these matrices we can rewrite (12) in the matrix form
(18) for ~I' i 1, ... N.y
I
Ax+Pz
1 1 1
In principIe, (18) can be directly solved by the MLS. However, this
í s difficul t even for a powerful computer because the number of the
drift unknowns in all zl can be very high. For example, if we use fixed
length intervals wi th ni = 48 and polynomials of fixed power VI = 2, a
record of length one year will provide 546 drift unknowns.
This inconvenience can be avoided if we separate the unknowns ZI
from z. Name ly, we can orthogonalize P i ' then Al towards P i ' ln the
followlng classical way.
We replace P
I
by a matrix
(19) wi th S S •1 1
where SI is an upper triangular matrlx of dlmenslons (V
I
+1 x vl+ll. 01
has the same dimensions as P
I
and • means the transpose of a matrlx.
We replace also Al by the matrlx
(20) B
1
which has the dimensions of Al'
It 15 easy to see that 01 is orthonormal and BI 15 orthogonal to
both 01 and P
I
, 1.e.
(21) o
where 1 15 a unlt matrlx and O ls a zero matrlx. !he propertles (21) are
observed separately for every Al'
Now wlth 01 and BI we transform the equatlons (18) lnto
(22)
where ZI and X are new unknowns whlch replace ZI and z. From here and
the expresslons (19) and (20) about 01 and BI we get
(23) X=Z and Z
1
1.e. the tldal unknowns x are not changed, but the drlft unknowns z are
1
transformed lnto Z .
1
Now we can apply the MLS by taking into account (21). Then we get
the following systems of normal equations for the estimates 2 of Z and
1 1
X of x:
First N matrlx equatlons for the drift unknowns
(24) (O -0)2 = 0l-Y
I
'
1 1 1
1,2, ... N,
then a matrix equation for the tidal unknowns
(25) 1, ... N
Here B is obtained through the arrangement of BI (i = 1,...N) into a
single matrix and Y - through the arrangement of Y
I
into a single column
vector. If ñ 1s the sum of ni' 1.e. the total number of the data, B has
the dimensions (ñ x m) and Y - (ñ xl).
From the solution of (24) and (25) we can get the estimates
(26) O -y
1
(27)
Thus ZI are obtained in a most simple way. However, if we want to
get the original drlft unknowns, 1.e. the coefflclents Zkl of the
polynomials (10), we have to go back from ZI to ZI through the
computatlon of
(28) Z = S (2 -(O -A )X)
1 1 1 1 1
For the computations it is important that we can get directly B-B
and B-Y through Al and 0
1
after
H H
(29) B*B ¿ B *B = L (A *A - (Q -A )*(Q *A))1 1 1 1 1 1 1 1
1=1 1=1
H H
B*Y ¿ B *Y =¿ (A *y - (Q eA )*(Q *Y )).
1 1 1 1 1 1 1 1
1=1 1=1
5. Variation of the drift modelo
Practlcally this is done by choosing tvo parameters v.
ln
and v
lDAX
Then VI' for every ~I' is let taking all values
(30) V ::5 V ::5 V
aln 1 aax
A most natural value of v seems to be v
min aln
value of M92 but it can be changed optionally.
The concrete variation of VI' for v.
ln
demonstrated through the following scheme, where v~
value of v for ~ :
I I
v = 1, V
.in aax
variatlon of
v in ~
1 1
v v .. . V
1 2 11
1 1 .. . 1
2 1 ... 1
3 1 .. . 1
4 1 ... 1
v'
1
-
1. This is a defaul t
and v = 4, 1s
aax
means an opt1mum
4, v~ means an optimum value.
var1at1on of
v in t.
2 2
v v .. . V
1 2 11
v' 1 .. . 1
1
v' 2 ... 1
1
v' 3 .. . 1
1
v' 4 .. . 1
I
v'
2'--
var1ation of
v in t.
11 11
v v ... V
1 2 11
v' v' ... 1
1 2
v' v' . .. 2
1 2
v' v' ... 3
1 2
v' v' . .. 4
1 2
v'
H'--
v =
1
- Through
the analysis of all data, i.e. all t.
I
,
1, 2, ...v ,wh1le v = v = ... V
aax 2 3 H
statistical criteria we choose
by choos1ng
= 1
- We make
the opt1mum value v; of VI
- We make the analys1s of all data. 1.e. all ~" by choos1ng
vI = v~. v2 = 1.2 •... v!II4X. v3 vN = 1
- Through stat1st1cal criteria we choose
the optimum value v;
and so on till we choose
of v
2
the optimum value V' of v .
N N
The whole procedure can be repeated by getting as in1tial va lues,
instead of v = v = 1.
, ••In
new optimum values.
The ana Iys í s, 1. e. the creation and the solution of the normal
the selected optimum values v' and Look for
I
equations (24) and (25). is made for all indicated values of vI. Thus.
when the initial value 15 v.
ln
= 1. we have to process a number of Nv.u
analyses.
Such a quantity of computations is too blg and needs as many as
posslble facilitations. A most important facllltatlon 15 the follow1ng.
It consists in using the matrices created for a given var1ant of VI for
the next varlant.
Let us suppose that we have made the computatlon for a given set of
values of vI' v2•··· vN •
~. Then the matrices P
1 1
they can be represented as
in particular for vI = v for a given interval
and 0
1
related w1th ~I have v + 1 columns. 1.e.
(31) P
1 Ip p ... p l· O = Iq q ... q l.01 v, 01 v
where Pt and ~ are columns
tr1angular. ~ depends on
Pk+l'·· ·pv (k < v ) ,
Let us now 1ncrease v
1
of dlmens10n (n, xl). Here. as far as SI is
Po •... P
k
only and it does not depend on
v to v, v + 1. Then PI and 01 are to be
replaced by
(32) P' = Ip P ... P P l· O = Iq q ... q q l-
i o 1 v v+l 1 o 1 v v+l
Due to the above cons1derat10ns. the first v+1 columns of Q1 rema1n the
same and we need only to compute the additional QV+l'
For the new value v = v + 1 the estimates of the drift unknowns 2
1 1
are to be replaced by
(33)
where 2~ has v + 2 elements, while 2! has v + 1 elements. The first
v + 1 elements of 2~ remain the same as in 21' while the new element of
2' í s
1
(34) Z lv+l Q ·Y.v+l 1
We shall have a new matr1x B~ 1nstead of BI' a new matr1x B'
1nstead of B and, instead of (25), new normal equat10ns
(35) (B'·B' )X' B' ·Y,
for new estimates X' of the same tidal unknowns.
For the practical application it 1s 1mportant that
(36)
B'·Y
For a given variant wlth normal equations (24) and (25) the sum of
squares of the residuals can be obtained, according to the theory of the
Ml...S, after
(37)
H
y·y - L 2·2 - X·(B·Y), d.f. f
I I
H
L(n-v-l)-m
1=1
where d.f. means degrees of freedom.
When v v is increased to v
I 1
sum of squares becomes
v + 1, as above, the corresponding
(38)
M
y.y - 1:: 2 ·2
I I
1=1
Z 2 - X'.(B'.Y), d.f. f
I v+ 1 1
f - 1
where X' are the new tldal estlmates, related wlth v = v + 1.
I
The estimates of the variances of the observations are respectively
(39) 2O"
o
and 0'2
1
where 0'0 and 0"1 are the corresponding standard dev1atlons or mean square
errors. The estimation of the preclsion of X and X' can be obtained,
according to the MLS, through O' and (B·B)-1 and O' and (B'.B' )-1
o 1
respecti vely.
6. Selection of an optimum variant.
',leshall denote by V the variant with v = v and by VI the variant
o I
with v v+l for a fixed 6. The difference in V and V is in the
I I o 1
models of the drift for 6 which are
I
(40) V:
o
D
t
V:
1
for lJ.
I
where the index 1 at zkl is dropped away for convenience.
',lesee that V
o
can be obtained from VI under the "zero hypothesis"
(41) H
o
Z
v+l
o
chosen and, vlce versa, if
a better varlant among V and V
o 1
H. If H 1s rejected then V is to
o o 1
H cannot be rejected than V can
o o
1s
be
be
Then the problem to select
equi valent to the testing of
preferred.
This can be done by the method of analysis of var1ances. ',lehave to
compute the famous ratio F of Fisher, in this case
(42) F
When H is true and V is to be chosen F should be a small number.
o o
When Ho is not true and V
1
is to be chosen, F should be a big number. We
can decide what is a big or a small number according to the following.
Considered as a random variable, F has the F-distribution of
Snedecor with d.f. 1:[ (practically 1:00). For a given confidential
probability P or level of significance a = 1-P, like P = 95X or a = 5X,
we can find a critical value Fcrit' Then we can accept that the computed
F is big or small if
(43) F ~ Fcrit or F < Fcrit
respectively.
A practical inconvenience is that through F we can easily compare
only two variants. When we have to use many variations in the model
function it becomes rather complicated the comparison of all variants,
two by two.
Much more comfortable way to choose the optimum variant is the
Akaike's Information Criterion (Ale) (Sakamoto, Ishiguro & Kitagawa,
1986) which has also a serious theoret1cal background. lt can be
computed after
(44) Ale ñ 10g 2. + ñ log v2 + n + 2(m + 2)
- -where n is the total number of the data, m 15 the total number of all
unknowns (1nclud1ng the drift ones) and ~2is the estimate of the
var1ance. As an optimum variant can be accepted the case with the lowest
computed (observed) Ale.
In the practical appllcatlon of M92 the program search
automatically the minimum of Ale for every ~I' If the min1mum is found
for the variant VI = v', then the quant1ty F 15 computed for the
variants
(45) Fl for (v'-l,v') and F
2
for (v' ,v'+l).
We have a confirmation of the solution taken on the basis of Ale if F
1
is a big number and F
2
- a small number, in the sense discussed above.
7. 5eparation of the main tidal groups.
In M67, as well as in the earlier methods of Lecolazet,
Ooodson-Lennon and Pertsev, there is a separation of the O and SO tides
at the same stage as the elimination of the drift. More concretely, in
M67 this means that in every interval of 48 hours the filters for the SD
tides eliminate the D tides and the filters for the O tides eliminate
the SO tides.
This í s reasonable as far as there are variable meteorological
waves, S with period Z4h and S with period 1zh.
1 2
In M9Z a similar option is included in the following way for the
separation of the SD tides from the Sl D tide in every ~1'
Optionally, we can set up
(46) e (t) and
s
1
s (t)
S
1
where e and s are the functions (8) computed for the 51 tidal group.
Then Pto is kept as before, after (11), but the other polynomial terms
are shifted as
(47)
Then, following just the same
elimination, we get an elimination
together wi th the drift
tide when SD tides are
algorithm,
of the 5
1
determined. Just in the same way, by replacing 51 by 52 in (46), we can
get an elimination of 52 when the D tides are determined.
Thus, in addition to the variants with different power for the
drift, we get the varlants with and wlthout eliminatlon of the 51 or 52
tide.
8. Practical application and some results.
M92 and the corresponding computer program has been applied on two
series of data:
LAN - gravi ty observations by an LCR gravimeter installed in the
volcanic geodynamic station Cueva de los Verdes in Lanzarote and
BRU - grav ity observa t í ons wi th a superconduct ing grav imeter in
Brussels (Observatoire Royal de Belgiquel.
It has to be irnmediately declared that the "first" hypothesis, made
in paragraph has not been justified. It appeared practically
impossible, i.e. absolutely inefficient, the approximation of the drift
in very large time intervals. Generally, when the drift was approximated
in longer intervals we used to get higher variances (mean square
e r r o r s }.
This is a conclusion made through the analyses of the whole series.
For a graphic demonstration we have used two pieces of monthly series
wi thout gaps:
LANM: 1000 hourly ordinates of LAN, Figures 3.a, 4.a and S.a
BRUM: 770 hourly ordinates of BRU, Figures 3.b, 4.b and S.b.
The units used on the plots are abscissa time in hour s,
ordinate - gravity in 0.1 ~gal.
On Fig. 3 the drift D is approximated through a s í ng le polynomlal
of a fixed power v = 4, without the variation discussed in Paragraph 6.
We see lmportant residuals r whlch are evidently auto-correlated. There
Is, possibly, a determlnistic slgnal in the r.
On Fig. 4 we see the approximation of D in LANM and BRUM again by a
single polynomial but this time the power v is allowed to vary. The
optimum power v' 15 selected automatically through the AlC criter1on.
The resulted v' is: for LANM v' = 17 and for BRUM v' = 8.
Here 1s a more complicated estimated D which 1s charged by a part
of the reslduals from the case v = 4 on F1g.3. The residuals have a
lower level but still important correlation, better seen for BRUM.
The compar1son between Fig. 3 and 4 shows the 1mportance of the
variation of the power v as well as that the statistical criterion runs
well, at least not too badly.
At the last FLg , S, we have an approximation of D in intervals of
48 hour s, in a way like in M67, with a variation of the power v for
every interval. An interestlng numerical result í s that for the whole
series LAN and BRU we have got the following mean values of the optimum
powers
LAN: mean v' = 1.71, BRU: mean v' = 2.44.
Thus, somewhat unexpectedly, D in BRU has a more complicated
behaviour than in LAN. This can be seen from the plotted curves of the
estimated D.
Now we have a much lower level of the r with a much less evident
correlation, for both LANM and BRUM.
Nevertheless, from the study of r for the whole series LAN and BRU,
we have stated that the auto-correlation does not disappear totally.
On Fig. 6 we have the estimated auto-correlation of R for BRU when
the intervals of the approximation are of length n = 36 = consto The
picture is quite similar for n = 48 and much less favorable for higher
values of n.
Here we see that we have an improvement of the auto correlation if
the S
1
that the auto
tide í s removed (vhen SD are determined). This is an indication
correlated noise has really a meteorological origino
Nevertheless, with or without the elimination of $1' we have a
non-negligible auto-correlation. This may affect considerably the
estimates of the precision. Namely, we can expect lower estimated
varlances (mean square errors ~) than the actual ones.
Generally, one way to avoid a correlated noise of meteorological
or í g í n, is to incorpora te meteorological data in the analysis. This
problem needs deeper consideration and we shall not discuss it here.
Tables 1 and 2 represent the results for LAN and BRU respectively
froro the application of M67 and M92.
In all cases we have lower o: for M92 compared to M67. The ratio
between ~ for the two methods, grossly estimated, is
~(M67)/~(M92) = 3:2 for LAN, SD tides
LAN, D tides
BRU, SD lides
:!! 4: 1 for BRU, D tides
even higher than 4: 1 in the last case.
The ratio 3:2 is not too big and, with some optimism, we can
believe that we have a real raise of the precision due to a new powerful
technique of the analysis. However, 4: 1 is a too big ratio, too
beautiful, to be true.
When these resul ts are interpreted it is necessary to take into
account that in M92 we have not a separate estimation of the precision
as in M67. Fo r the computation of o: and its interpretation a very
important condition is the independence of the errors e, i.e. the
assumption that e is a white noise. If actually this condition is not
observed, it is possible M92 to provide lower Cl', in particular for the D
tides.
One should think carefully what is better - to have lower or higher
estimates of the precision. When the computed Cl' are lower than the
actual errors we can be mislead to make interpretations and conclusions
going too faro When the computed C1' are higher we are prevented from this
but some details in the results can escape from our attention.
Anyway, our final conclusion is that M92 can be a good numerical
and mathematical tool for the analysls of the Earth tlde data. However,
it should be used carefully, in parallel wlth other methods, e.g. M67.
Wha t seems qul te certaln, M92 can procure a ra ther good and detalled
description of the drlft functlon. The latter can be useful for studylng
problems of the non-tldal Earth deformatlons.
Ack.nowledgments
Thls work has been done ln the Instltute of Astronomy and Geodesy
ln Madrid. One of the authors (A.P.Venedikov, Institute of Geophysics,
Sofia) has been supported by the Sabbatical Program of the University
Complutense of Madrid.
The data from the suppercondictive gravimeter has been kindly
offered by Prof. P.Melchior and Dr. B.Ducarme from the Belgian Royal
Observa tory.
REFERENCES:
Chojnicki, T., 1973. Ein verfahren zur Erdgezei tenanalyse in Amlehnung
an das Prinzip der kleinsten Quadrate, Hitt. Inst. Theoretische
Geodasie Univ. Bonn, Nr 15.
Horn, W., 1959. The harmonic analysis, according to the least square
rule, of tide observations upon which an unknown drift is
superposed, Third Int. -Symp. Earth Tides, Trieste, p. 218.
Ishiguro, M., Akaike, H.,Ooe, M., & Nakai, S., 1983. A Bayesian
approach to the analysis of Earth tides, Proe. 9th Int. Symp. Earth
Tides, New York 1981, Schweizerbart'sche Verlangsbuchhandlung,
Stutgart, pp. 283-292.
Jentzsch, G., 1977. The analysis of tidal constituencies by selective
filtering, 8th Int. Symp. Earth Tides, Bonn.
Melchior, P., 1978. The tides of the planet Earth, Pergamon Pr ess,
Chapter 7, pp. 161-191.
Melchior, P., Venedikov, A.P., 1968. Derivation of the wave M3 (8h279l
from the periodic tidal deformation of the Earth, Physies Earth
Plan. Interiors, vol 1, pp. 363-372.
Sakamoto, Y., Ishiguro, M., Kitagawa, G.,
Criterion statistics, D. Reidel Publ.
Publishers/Tokyo, Chapter 8, p. 172.
1986. Akaike
Company, KTK
Information
Scientific
Schüller, K., 1977, Tidal analysis by the Hybrid Least Squares frequency
domain convolution method, 8th Int. Symp. Earth Tides, Bonn.
Tamura, Y., 1987. A harmonic development of the tide-generating
potential, Bull. d'Inform. Harées Terrestres, Nr 99, pp. 6813-6855.
Tamur a , Y., Sato, T., Ooe, M., & Lsh í.gur o , M., 1991. A procedure for
tidal analysis with a Bayesian information criterion, Geophys. J.
Int., 104, pp. 507-516.
Venedikov, A.P., 1961. Application a l'analyse harmonique des
observations des marées terrestres de la Méthode des moindres
carrées, C.R. Aead. Bulg. Sei., v. 14, No 7, pp. 671-674.
Venedikov, A.P., 1966. Une méthode pour l'analyse des marées terrestres,
a partir d'enregistrements de longueurs arbitraires, Aead. Roy.
Belg., Buii. Cl. Sei., LII, pp. 437-459.
Venedikov, A.P., 1984. Analyse des enregistrement des marées terrestres,
Buli. d'Inform. Harées Terrestres, Nr 92, pp. 6078-6120.
Xi Quinwen, 1985. The algebraic deduction of harmonic development for
the tide-generating potential with the IBM-PC, Proe. 10th Int.
Symp. Earth Tides, pp. 481-490.
74000
72000
70000
75000
72500
70000
67500
06/10/92 15.12
Fig. La
I
I
I
J
days
I , , , , , , I , , ,
oays
o 5 í 5 4020 25 30 3510
Observed ticoi vor.otions of tne grovity with o drift
Fig. :.b
~f-. . .......
~
t" . ~L~ ' ..
"""" " I
t, ¡", I ", 1"" i, I , ..;¡ ·;..,¡ .., , ..;..i, ..
O 5 10 15 20 25 30 35
Observed tidal variotians of the grovity with gops ond irregular drift
unit = 0.1 microgol
Figure 1
F ig. 2.
75000
74000
7.3000
72000
71000
70000
75000
74000
7.3000
72000
71000
70000
02/10/92 15.58
Aocroxirnotioo 01 tne drilt in intervals of 48 h.
l
~~, ~~~~~~~~~~~~~~~~~~~~~~
O 20 40 60 18080 100 120 140 160
A.pproximation 01 the drift in intervals of 48 h.
o 20 60 80 100 120 14040 160 180
Fig. 3.a
02/10/92 16.33
Lcrzcrote, v z.z crc stc ton Cuevc de los Verdes
Aop-oximotio-r 01 t:- e or'¡t Oy e sinqte pctyno-nicr. fixed power equol to 4
75000
74000
73000
72000
71000 re7CCCC ~ ...r-
[
69000 E--
O
¡ ! "1 . r" t:
400 600 800200
Hourly resiouors
120
80
40
O
-40
-80 ~[-~20 ~
O 600 1000
Fig. 3.b
02/10/92 17.26
6russels, SUDwconO'-Jcting gravimeter
Approximation cf t oe drift by o single palynomiol, fixed power equal to 4
6400
6000
5600
5200
4800
4400
4000
3600
Fe,
~.~.'~il ~11~~ N\~~ .~ AA~l~A~ Nl } A ~. AA ......I ~ i~\ :ffli ... IV IV
I ~..~
IV :\ '\ it~··- ..\\ '\IVI ... .. o ••••
"
•
.....
F
........
I I I I I
3200
o 100 200 300 400 500 600 700 800
Hourly residuals
120
80
40
O
-40
-80
-120
O 100 200 300 400 500 600 700 800
Fíe:. 4. a
(;2/10/92 16.28
t.or.z or ote. Volcoric stct.cn Cueva de los Verdes
ApP"'-::ximction o: t he dr.f t by e sinc:e polynornial, optimurn power seiectec 17
75000 f
74000
73000
72000
71000
70000
[
f-
69000 [L ir i 1L ! ! !
o 200 400 600 800
Houry residuois
30 ;:- I
l I20
t
I
10 ~
O I
i
-10 .. I
~
I
I-20 f-. It ,
-3D ~ ! ... ,... .,H[ . [ 1 , , 1 ,1
o 200 400 600 800 1000
f'ig . .¡. b
02/10/92 17.20
Brussels, superconcucting grovimeter
Ac or oxirnot.on of tne drift by a single polynomiol, optimum power selected 8
6400
6000
5600
5200
4800
4400
4000 +3600 :1
3200
E 11t- ! , ! , , , 1 , , 1 , , 1 , , , ,
O 100 200 300 400 500 600 7 O 800
Hourly residuols
E
60
40
20
O
-20
-40 r
,1-60 f- r T .,dr;r . , , , ,
O 100 200 300 400 500 6 O 7 O 800
Fig. S.a
75000
74000
7.3000
.zoóo
71000
700JO
69000
02/10/92 1648
:"'c~z:;-Qte, vo.ccr ic stct.or- Cueva de los Verdes
Apprc xrnotion o' tne orift in int ervois cf length n = 48 nour s
t j
I
I
HIH,I
1000
1000
o 200 400 600 800
Hourty resiouo-s
.30f
20 ~
10
o
-10
-20
-.30 '[ .
o 200 400 600 800
Fig. 5.b
02/10/92 17..3.3
Brussels, suc er cor-d.ic t inq grovimeter
Aopr ox.mcton o' tne arift in inlervals of length n o;:;; 48 hour s
6400 r
~lA~ 1¡1~~,Ir\ Nn I~'MI A !i A\ I~ I~\¡11 ,lil"I. (Ir 1\1\ ~~ III/V /~n~"¡,¡'!,¡ I \ ..P¡Hr li 1/¡!I'N- I ....... +~.\I~I 1I Jli~¡11 I~\r\1' "fi '!l" H'11 ..• .. ~ jl ... .. .......
O" .............· L .............. . ....................
t
F
..
.
I I I 1 I I
6000
5600
5200
4800
4400
4000
.3600
.3200
o 100 200 .300 400 500 600 700 800
Hourly residuals
20
15
10
5
o
-5
-10
-15
-20
o 100 200 .300 400 500 600 700 800
Fig. 6.
g'GSseIS, suoerconductinq grovimeter
Autocorrelotion of res.o cors, ;"tervols n = .36
18/09/92 11.56
:1
I
I
I
I
.. 1
1
I
!
I ··°1
,!, '1
3C 40 50
1 r
:~;f\······· .~--=
-0.25 ~n \~ ..• H
-o 5 S-
É-0.75 -
t
-1 E-
C 10 20
l/"ItervQ1S n = 36. with e!iminoted S1
e I
~
!... J
~\ ~ ~ cr=-- /1
-02~~\2 ~ ~ I
-0.5 r I
-0.75 fl
- 1 LE_' ~-'---L...-L.._..LI_.-,---"---,--,-'_H ',L-! _. -'---'---'------'--.J.---'_'--"'---'---lI_'--"'---'----'----.lJtI
10 20 30 40 50
0.75
e.5
e.25
o
TABLE 1
Lanzarote, vo1canic statlon Cueva de los Verdes, gravimeter LCR
Time interva1: 87.05.14./91.06.12.
Comparison between the methods of ana1ysis H67 and H92.
Unlversity Comp1utense of Hadrld, computer VAX 9000
Length of the interva1s for the approximatlon of the drift n = 48h
D amp1it. factor ó phase shift K SD amp1 i t. factor ó phase shift K
tldes H92 H67 H92 H67 tides H92 H67 H92 H67
ail
l
1.2059 1.3036 6~283 0°552 e 1.0529 1.0792 -8~862 -6~847
!413 ±772 ±1.954 ±3.389 2 !210 !390 ±1.142 ±2.069
2QI 1.2528 1.2637 -1.410 -1. 660 2N 0.9630 0.9888 -2.000 -2.022
132 237 605 1.074 2 67 118 397 684
a- 1.2097 1.2433 1.090 0.602 1t2 0.9958 0.9836 -4.360 -3.7821 110 195 519 898 57 100 327 582
QI 1.1823 1.1831 -2. 136 -2.202 N 0.9960 0.9970 0.780 0.855
18 30 84 146 2 9 15 51 88
PI 1.1527 1.1600 -2.709 -1. 021 v 0.9963 1.0008 1.472 1.25193 158 460 781 2 48 81 276 462
O 1. 1500 I 1.1500 -1.684 -1. 661 M 1.0179 1.0173 2.167 2.1601 2
I
3 6 16 38 la 3 9 16
1: 1.2057 1.0330 -6.299 -1.009 A 1.0571 1.0765 3.832 1.997
1 345 574 1.643 3. 184 2 239 381 1.295 2.029
NO 1.1535 1.1488 -0.699 -0.355 L 1.0666 1.0677 3.368 4.114
1 40 66 198 327 2 61 96 325 518
XI 1.1585 1.0993 1.648 0.577 T 1.0368 1.0424 5.838 4.863220 360 1.088 1.873 2 63 98 346 541
Il 1. 1519 I 1.0995 2.809 0.834 S 1.0689 1.0677 4.001 3.991
1 143 231 709 1.205 2 4 6 19 31
P 1.1321 1. 1320 0.215 0.191 K 1.0594 1.0583 3.795 3.862
1 8 14 42 69 2 11 17 58 91
S 0.7495 0.9180 24.29 11.00 112 1.0947 1.0712 5.606 4.8001 509 843 4.087 5.259 167 261 871 1.393
K 1. 1172 1.1166 0.205 0.201 2K 1.1023 1.0810 0.499 2.447
1 3 4 12 21 2 413 651 2.147 3.451
1/1
1
0.9763 1.0261 -18.11 -9.869 M 1.1018 1.0958 1.697 1.757
340 552 1.998 3.081 3 103 76 537 396
"'1
1. 1162 1.0877 5.329 5.413
200 325 1.023 1.711
{J 1.2279 1.1430 -3. 738 0.190
1 222 363 1.038 1.818
J 1.1486 1.1494 1.251 0.467
1 42 691 212 346
SO 1.2429 1. 1122 0.800 -0.626
1 245 405 1.131 2.084
00 1. 1681 1.1507 0.367 0.786
1 53 88 261 440
v 1.1686 1.1166 2.550 0.655
1 265 451 1.303 2.317
TABLE 2
Brussels, superconducting gravimeter, P.Helchior, B.Ducarme.
82.04.21/82.05.2482.06.02/86.10.1486.11.15/87.11.25
Comparlson between the methods of analysls H67 and H92.
Un versity Complutense of Hadrid, computer VAX 9000
Length of the intervals for the approximation of the drlft n = 48h
D
ilIllplit.factora phase shift 1< SD ilIllpl1t.factorÓ phase shift 1<
tldes H92 H67 H92 H67 tldes H92 H67 H92 H67
~1 1.2745 1.2575 -0~262 -0~332 e 1.1307 1. 1463 3~420 3~341± 105 ± 487 ± 470 ±2.219 2 ± 98 ± 180 ± 494 ± 900
2°1 1.1611 1.1642 -1.749 -1. 885 I 2N 1.1473 1. 1494 2.324 2.44433 150 162 737 2 32 55 157 276
Ir 1.1540 1.1524 -1. 181 -1. 152
'"2
1.1946 1.1981 4.365 4. 1501 27 122 134 608 26 46 126 219
°1 1.1605 1.1603 -0.469 -0.473 N 1. 1767 1.1770 2.807 2.8214 19 20 093 2 4 7 20 34
Pl 1.1644 1.1769 -0.647 -0.780 v 1.1776 1. 1760 2.672 2.80722 98 108 477 2 22 37 107 180
O 1.1630 1.1634 -0.088 -0.086 M 1. 1950 1. 1949 2.482 2.4811 Os 3 3 17 2 Os 1 3 6
.,. 1.1415 1.1026 -1. 948 -5.174 A 1.1492 1.1432 3.062 3.5711 73 319 366 1.660 2 109 174 544 870
NO 1.1668 1.1682 0.844 0.717 L 1. 1952 1. 1946 1.565 1.5921 10 42 47 208 2 22 34 104 165
X¡ 1.1779 1.1710 0.481 -0.292 T 1.2081 1.2091 1.224 1.134
51 225 250 1.102 2 29 45 138 215
J( 1.1830 1.1856 0.503 0.169 S 1.2141 1.2143 1.123 1.133¡ 32 138 151 668 2 17 3 8 12
I P l. 1643 1.1648 O. 150 O. 152 K 1.2118 1.2112 1.216 1.208
I
¡ 19 8 9 40 2 5 8 25 39
S 1.3160 1.3218 -4.203 -5.406 1)2 1.1868 1.1806 0.424 0.967¡ 112 494 498 2. 141 89 139 430 672
K 1.1505 1.1505 0.147 O. 142 2K 1.2348 1.2420 -2.993 -2.165¡ 06 3 2 12 2 224 350 1036 1.614
I/I¡ 1.2509 1.2740 0.596 -0.125 H 1.0751 1.0781 0.620 0.824
76 332 345 1.491 3 64 59 342 312
"'¡ 1.1928 1.1848 0.675 0.49444 193 210 933
(J 1.1470 1.1540 -1. 133 -0.9881 51 226 254 1.124
J 1. 1671 1.1651 0.557 0.504¡ 10 44 47 214
SO 1. 1220 1.1309 0.974 0.917¡ 57 257 290 1.304
00 1.1748 1.1805 -0.033 O. 133¡ 13 60 65 294
v 1.1666 1.1755 0.314 0.2531 66 311 326 1.515
PUBLICACIONES DEL INSTITUTO DE ASTRONOMIA y GEODESIA
DE LA UNIVERSIDAD COMPLUTENSE - MADRID
(Antes Seminario de Astronomía y Geodesia)
l.-Efemérides de 63 Asteroides para la oposición de 1950 (1949).
2.-E. PAJARES:Sobre el cálculo gráfico de valores medios (1949).
3.-1. PENSADO:Órbita del sistema visual a2 U Maj (1950).
4.-Efemérides de 79 Asteroides para la oposición de 1951 (1950).
5.-J. M. TORROJA:Corrección de la órbita del Asteroide 1395 "Aribeda" (1950).
6.-R. CARRASCOy J. M. TORROJA:Rectificación de la órbita del Asteroide 1371 "Resi"
(1971).
7.-1. M. TORROJAy R. CARRASCO:Rectificación de la órbita del Asteroide 1560 (1942 XB)
y efemérides para la oposición de 1951 (1951).
8.-M. L. SIEGRIST:Orbita provisional del sistema visual 1: 728-32 Orionis (1951).
9.-Efemérides de 79 Asteroides para la oposición de 1952 (1951).
10.-1. PENSADO:Órbita provisional de 1: 1883 (1951).
1l.-M. L. SIEGRIST:Orbita provisional del sistema visual 1: 2052 (1952).
12.-Efemérides de 88 Asteroides para la oposición de 1953 (1952).
B.-J. PENSADO:Orbita de ADS 9380 = 1: 1879 (1952).
14.-F. ALCÁZAR:Aplicaciones del Radar a la Geodesia (1952).
15.-1. PENSADO:Orbita de ADS 11897 = 1: 2438 (1952).
16.-B. RODRÍGUEZ-SALINAS:Sobre varias formas de proceder en la determinación de perío-
dos de las marcas y predicción de las mismas en un cierto lugar (1952).
17.-R. CARRASCOy M. PASCUAL:Rectificación de la órbita del Asteroide 1528 "Contada"
(1953).
18.-J. M. GONZÁLEZ-ABOIN:Orbita de ADS 1709 = 1: 228 (1953).
19.-1. BALTÁ: Recientes progresos en Radioastronomía. Radiación solar hiperfrecuente
(1953).
20.-1. M. TORROJAy A. VÉLEZ: Corrección de la órbita del Asteroide 1452 (1938 DZ,)
(1953).
21.-1. M. TORROJA:Cálculo con Cracovianos (1953).
22.-S. AREND:Los polinomios ortogonales y su aplicación en la representación matemática
de fenómenos experimentales (1953).
23.-1. M. TORROJAy V. BONGERA:Determinación de los instantes de los contactos en el
eclipse total de Sol de 25 de febrero de 1952 en Cogo (Guinea Española) (1954).
24.-1. PENSADO:Orbita de la estrella doble 1: 2 (1954).
25.-J. M. TORROJA:Nueva órbita del Asteroide 1420 "Radcliffe" (1954).
26.-1. M. TORROJA:Nueva órbita del Asteroide 1557 (1942 AD) (1954).
27.-R. CARRASCOy M. L. SIEGRIST:Rectificación de la órbita del Asteroide 1290 "Alber-
tine" (1954).
28.-1. PENSADO:Distribución de los períodos y excentricidades y relación período-excen-
tricidad en las binarias visuales (1955).
29.-J. M. GONZÁLEZ-ABOIN:ueva órbita del Asteroide 1372 "Haremari" (1955).
30.-M. DE PASCUAL:Rectificación de la órbita del Asteroide 1547 (1929 CZ) (1955).
31.-1. M. TORROJA:Orbita del Asteroide 1554 "Yugoslavia" (1955).
32.-J. PENSADO:Nueva órbita del Asteroide 1401 "Lavonne" (1956).
33.-1. M. TORROJA:Nuevos métodos astronómicos en el estudio de la figura de la Tierra
(1956).
34.-D. CALVO:Rectificación de la órbita del Asteroide 1466 "Miindleira" (1956).
35.-M. L. SIEGRIST:Rectificación de la órbita del Asteroide 1238 "Predappia" (1956).
36.-1. PENSADO:Distribución de las inclinaciones y de los polos de las órbitas de las es-
trellas dobles visuales (1956).
37.-1. M. TORROJAy V. BONGERA:Resultados de la observación del eclipse total de Sol
de 30 de junio de 1954 en Sydkoster (Suecia) (1957).
38.--ST. WIERZBINSKI: Solution des équations normales par l'algorithme des cracoviens
(1958).
39.-1. M. GONZÁLEZ-ABOIN:Rectificación de la órbita del Asteroide 1192 "Prisma" (1958).
40.-M. LóPEZ ARROYO: Sobre la distribución en longitud heliográfica de las manchas so-
lares (1958).
4 l.-F. MÚGICA: Sobre la ecuación de Laplace (1958).
42.-F. MARTÍN ASÍN: Un estudio estadístico sobre las coordenadas de los vértices de la
triangulación de primer orden española (1958).
43.-ST. WIERZBINSKI: Orbite arnéliorée de h 4530 = r Cen = Cpd -48', 4965 (1958).
44.-0. CALVOBARRENA:Rectificación de la órbita del Asteroide 1164 "Kobolda" (1958).
45.-M. LóPEZ ARROYO: El ciclo largo de la actividad solar (1959).
46.-F. MÚGICA: Un nuevo método para la determinación de la latitud (1959).
47.-1. M. TORROJA: La observación del eclipse de 2 de octubre de 1959 desde El Aaiun
(Sahara) (1960).
48.-1. M. TORROJA,P. JIMÉNEZ-LANDly M. SOLÍs: Estudio de la polarización de la luz de
la corona solar durante el eclipse total de Sol del día 2 de octubre de 1959 (1960).
49.-E. PAJARES: Sobre el mecanismo diferencial de un celóstato (1960).
50.-1. M. GONZÁLEZ-ABOIN:Sobre la diferencia entre los radios vectores del elipsoide in-
ternacional y el esferoide de nivel (1960).
5 l.-J. M. TORROJA: Resultado de las observaciones del paso de Mercurio por delante del
disco solar del 7 de noviembre de 1960 efectuadas en los observatorios españoles (1961).
52.-F. MÚGICA:Determinación de la latitud por el método de los verticales simétricos \1961).
53.-M. LÓPEZ ARROYO: La evolución del área de las manchas solares (1962).
54.-F. MÚGICA: Determinación simultánea e independiente de la latitud y longitud me-
diante verticales simétricos (1962).
55.-1'. DiEZ-PICAZO: Elementos de la órbita de la variable eclipsante V 499 Scorpionis
(1964).
56.-J. M. TORROJA: Los Observatorios Astronómico, en la era espacial (1965).
57.-F. MARTíN ASÍN: Nueva aportación al estudio de la red geodésica de primer orden
española y su comparación con la red compensada del sistema europeo (1966).
51l.-F. SÁNCHEZMARTÍNEZ: La Luz Zodiacal. Luz del espacio interplanetario (1966).
59.-1. M. GONZÁLEZ-ABOíN:Variaciones de las coordenadas geodésicas de los vértices de
una red, por cambio de elipsoide de referencia (1966).
60.-F. SÁNCHEZMARTÍNEZy R. DUMoNT: Fotometría absoluta de la raya verde y del con-
tinuo atmosférico en el Observatorio Astronómico del Teide (Tenerife), de enero de
1964 a julio de 1965 (1967).
ól.-M. REGO: Estudio del espectro de la estrella 31 Aql. en la región U 4000-6600 A (1969).
62.-C. MACHíN: Mareas terrestres (1969).
63.-J. M. TORROJA: La estación para la observación de satélites geodésicos de la Facultad
de Ciencias de la Universidad de Madrid (1969).
64.-M. J. SEVILLA: Reducción automática de posiciones de estrellas (1970).
65.-1. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geodesia
de la Facultad de Ciencias de la Universidad de Madrid en 1969 (1970).
66.-M. 1. SEVILLA: Los cálculos de estación en triangulación espacia: (1970).
67.-MANUEL E. REGO: Determinación de las abundancias de los elementos en id atrnóv-
Iera de la estrella de alta velocidad 31 Aql. (1970).
68.-M. 1. FERNÁNDEZ-FIGUEROA:Análisis cualitativo del espectro de la estrella peculiar
HD 18474 (1971).
69.-1. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geodesia
de la Universidad Comp!utense de Madrid en 1970 (1971).
70.-R. VIEIRA Y R. ORTlZ: Descripción de un aparato para medida de coordenadas (1971).
71.-1. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geodesia
de la Universidad Complutense de Madrid en 1971 (1972).
72.-M. J. FERNÁNDEZ-FIGUEROA:Observación y estudio teórico del espectro de la estrella
peculiar HD 18474 (1972).
73.-M. J. SEVILLA: Cálculo de las constantes de distorsión y parámetros del disco obtu-
rador para cámaras balísticas (1973).
74.-R. PARRAY M. J. SEVILLA: Cálculo de efemérides y previsiones de pasos de satélites
geodésicos (1973).
75.-M. REGO y M. 1. FERNÁNDEZ-FIGUEROA:Resultado de las observaciones de (r Peg
efectuadas desde el satélite europeo TDI (1973).
76.-E. SIMONNEAU:Problemas en la determinación de abundancias de elementos en las
estrellas en condiciones de equilibrio termodinámico local y alejadas del equilibrio
termodinámico local (1974).
77.-J. ARANDA:Construcción de modelos de estructura interna para estrellas en la secuen-
cia principal inicial (1974).
78.-R. ORTlZ, M. J. SEVILLAY R. VIEIRA: Estudio de la calibración, técnica de medida y
automatización de datos en un comparador para medidas de placas estelares (1974).
79.-M. 1. SEVILLA: Método autocorrector para el cálculo de direcciones de satélites geo-
désicos y análisis de los errores en la restitución de un arco de órbita (1974).
80.-M. A. ACOSTA,R. ORTlZ y R. VIEIRA: Diseño y construcción de un fotómetro foto-
eléctrico para la observación de ocultaciones de estrellas por la Luna (1974).
8 l.-T. 1. VIVES, C. MORALES, J. GARCÍA-PELAYOy J. BARBERO: Fotometría fotográfica
UBV del cúmulo galáctico King 19 (1974).
82.-R. ORTIZ y R. VIEIRA: Control automático en posición y tiempo de los sistemas de
obturación de las cámaras de observación de satélites geodésicos (1974).
83.-J. M. TORROJA: Memoria de las actividades del Seminario de Astronomía y Geode-
sia de la Universidad Complutense de Madrid en 1972 y 1973 (1974).
84.-M. J. FERNÁNDEZ-FIGUEROAy M. REGO: IX CrB en el ultravioleta lejano (1975).
85.-1. M. TORROJA, R. VIEIRA, R. ORTIZ y M. J. SEVILLA: Estudio de mareas terrestres
en España (1975).
86.-M. 1. SEVILLAY R. PARRA: Levantamiento gravimétrico de Lanza·rote (1975).
87.-P. KUNDANMALSUKHWANI:Modelos teóricos de curvas de luz. Su aplicación al siste-
ma (J Lyrae (1975).
88.-M. 1. SEVILLA: Coordenadas astronómicas y geodésicas. Desviación relativa de la ver-
tical (1975).
89.-C. TEJEDOR: Fotometría fotoeléctrica R. G. U. del cúmulo galáctico IC 2581 (1976).
90.-M. J. SEVILLA: Nuevos coeficientes para la reducción automática de posiciones de
estrellas (1976).
9 l.-M. REGO: Técnicas observacionales en espectroscopía astrofísica (1976).
92.-M. J. SEVILLA: Determinación de la latitud por distancias cenitales de la polar, mé-
todo de Littrow (1976).
93.-T. 1. VIVES: Determinación fotométrica del tipo espectral de la componente desco-
nocida de una estrella binaria eclipsante (1976).
94.-M. REGO y M. J. FERNÁNDEZ-FIGUEROA:Contraste y determinación por métodos astro-
físicos de fuerzas de oscilador (1977).
95.-M. J. SEVILLAY R. CHUECA:Determinación de acimutes por observación de la Polar.
Método micrornétrico (1977).
96.-JosÉ M. GARcfA-PELAYO: Fotometría R G U en un campo del anticentro galáctico,
cerca del NGC 581 (1977).
97.-JosÉ M. GARcfA-PELAYO:Datos fotométricos de 2.445 estrellas estudiadas en la región
de Casiopea, entre los cúmulos abiertos Trumpler 1 y NGC 581 (1977).
98.-PREM K. SUKHWANIy RICARDOVIEIRA: Spectral Analysis of Earth Tides (1977).
99.-JosÉ M. TORROJAy RICARDOVIEIRA: Earth Tides in Spain. Preliminary results (1977).
lOO.-PREM K. SUKHWANIy RICARDOVIEIRA: Three dífferent methods for taking in account
the gaps in spectral analysis of Earth Tides records (1978).
101.-R. VIEIRA: Mareas terrestres (1978).
102.-M. 1. SEVILLAy A. NÚÑEZ: Determinación de la longitud por el método de Mayer.
Programas de cálculo automático (1979).
lO3.-M. J. SEVILLAY A. NÚÑEZ: Determinación de la latitud por el método de Sterneck.
Programas de cálculo automático (1979).
lO4.-M. 1. SEVILLA:Determinación de la latitud y la longitud por- el método de alturas
iguales. Programas de cálculo automático (1979).
lO5.-P. K. SUKHWANIy A. GIMÉNEZ: Corrección de efectos atmosféricos para imágenes
tomadas desde satélites Landsat (1979).
106.-M. J. SEVILLA:Inversión de Matrices Simétricas en el método de mínimos cuadrados
(1979).
!07.-A. GIMÉNEZ:Análisis de la curva de luz del sistema binario eclipsante S Velorum (1979).
108.-M. 1. SEVILLA:Determinación del acimut de una referencia por observación de la es-
trella polar. Programa de cálculo automático (1979).
lO9.-M. J. SEVILLA:El sistema IAV (1976) de constantes astronómicas y su repercusión
en la reducción de posiciones de estrellas (Primera parte) (1980).
1l0.-M. 1. SEVILLAY R. PARRA:Determinación de la latitud por el método de Horrebow-
Talcott. Programas de Cálculo Automático (1980).
111.-M. 1. SEVILLA:Determinación de la latitud y la longitud por fotografías cenitales
de estrellas (1980).
112.-R. VIEIRA Y M. OREJANA:Comunicaciones presentadas en las XLI y XLII Jornadas
del Grupo de Trabajo de Geodinámica del Consejo de Europa. Luxemburgo (1979-80).
1l3.-M. 1. SEVILLA:Sobre un método de cálculo para la resolución de los problemas geo-
désicos directo e inverso (1981).
114.-R. VIEIRA, 1. M. TORROJA,C. TORO, F. !-AMBAS,M. OREJANAV P. K. SUKHWANI:
Comunicaciones presentadas en el IX Symposium Internacional de Mareas Terrestres.
Nueva York (1981).
115.-M. A. MONTULL,M. 1. SEVILLAV A. GONZÁLEZ-CAMACHO:Aplicación de la V. L. B. 1.
al estudio del movimiento del Polo (1981).
116.-A. GONZÁLEZ-CAMACHOy M. 1. SEVILLA:Algunas relaciones entre diferentes ejes que
se consideran en la rotación de la Tierra (1981).
117.-R. VIEIRA, F. LAMBASy E. GIMÉNEZ:Modificaciones realizadas en un gravímetro
LaCoste Romberg modo G para su utilización en registro continuo de la gravedad (1981).
118.-R. VIEIRA: La microrred de mareas gravimétricas del Sistema Central (1981).
119.-J. M. TORROJAy R. VIEIRA: Informe sobre el desarrollo del programa de investiga-
ción sobre mareas terrestres en el último bienio (1981).
l20.-F. LAMBASy R. VIEIRA: Descripción, estudio de la precisión y aplicaciones geodésicas
y geofísicas de los nuevos niveles de lectura electrónica (1981).
121.-M. J. SEVILLA:Programación del método de la cuerda (1981).
122.-1. M. TORROJA:Historia de la Ciencia Arabe. Los Sistemas Astronómícos (1981).
123.-M. J. SEVILLAy R. VIEIRA: Comunicaciones presentadas en la Sesión Científica de
la Real Academia de Ciencias Exactas, Físicas y Naturales, celebrada el día 13 de
enero de 1982 (1982).
124.-M. 1. SEVILLAY P. ROMERO:Aplicación del método de colocación a la reducción de
placas fotográficas de estrellas (1982).
125.-M. J. SEVILLAY A. G. CAMACHO:Deformación rotacional de una tierra elástica (1982).
126.-M. J. SEVILLAY P. ROMERO:Obtención de las medidas de la precisión en la determi-
nación de la latitud y la longitud por fotografías cenitales de estrellas (1982).
127.-M. 1. SEVILLA,A. G. CAMACHOy p. ROMERO:Comunicaciones presentadas en la
IV Asamblea Nacional de Astronomía y Astrofísica. Santiago de Compostela (1983).
128.-M. J. SEVILLA:El sistema IAV (1976) de constantes astronómícas y su repercusión
en la reducción de posiciones de estrellas (Segunda parte) (1983).
129.-·M. J. SEVILLA:Geodesia por satélites y navegación (1983).
l30.-L. GARCÍAASENSIO,A. G. CAMACHO,P. ROMEROY M. 1. SEVILLA:Comunicaciones
presentadas en la V Asamblea Nacional de Geodesia y Geofísica (1983).
13l.-M. J. SEVILLA: Anomalías de la gravedad basadas en el sistema geodésico de refe-
rencia 1980 (1983).
132.-J. M. TORROJA:Historia de la Física hasta el siglo X1X. La Mecánica Celeste (1983).
133.-A. G. CAMACHOy M. J. SEVILLA:The Molodensky Problem for an homogeneous liquid
core (1984).
134.-J. M. TORROJA: La obra astronómica de Alfonso X El Sabio (1984).
135.-H. MORITZ: Sistemas de referencia en Geodesia (1984).
136.-H. MORITZ: Rotación de la Tierra (1984).
137.-A. G. CAMACHOy M. J. SEVILLA: Autofrecuencias del movimiento del Polo para un
modelo de Tierra de tipo Jeffreys Molodensky (1984).
138.-J. M. TORROJA: Nuevas definiciones en el problema de la medida del tiempo (1984).
139.-M. J. SEVILLA: Astronomía Geodésica (1984).
140.-M. J. SEVILLAy M. D. MARTÍN: Diseño de una Microrred en la Caldera del Teide
para el estudio de deformaciones de la corteza en la zona (1986).
14l.-R. VIEIRA, C. DE TORO Y V. ARAÑA: Estudio Microgravimétrico en la Caldera del
Teide (1986).
142.-M. J. SEVILLA,M. D. MARTÍNY A. G. CAMACHO:Análisis de Datos y Compensación
de la primera campaña de observaciones en la Caldera del Teide (1986).
143.-M. J. SEVILLA y P. ROMERO: Hamiltonian Formulation of the polar motion for an
elastic earth's model (1986).
144.-P. ROMEROY M. J. SEVILLA: The Sasao-Okubo-Saito equations by Hamilton Theory.
First Results (1986).
145.-R. VIEIRA, M. J. SEVILLA,A. G. CAMACHOy M. D. MARTÍN: Geodesia de precisión
aplicada al control de movimientos y deformaciones en la Caldera del Teide (1986).
146.-R. VIEIRA, J. M. TORROJA, C. DE TORO, B. DUCARME,J. KAARIAINEN,E. MEGÍAS y
J. FERNÁNDEZ:Comunicaciones presentadas en el X Symposium Internacional de Ma-
reas Terrestres. Madrid, 1985 (1986).
147.-M. J. SEVILLA,A. G. CAMACHOy P. ROMERO: Comunicaciones presentadas en el X
Symposium Internacional de Mareas Terrestres. Madrid, 1985 (1986).
148.-M. J. SEVILLA: Formulación de modelos matemáticos en la compensación de redes
Geodésicas: III Curso de Geodesia Superior (1986).
149.-H. LINKWITZ: Compensación de grandes redes geodésicas: III Curso de Geodesia Su-
perior (1986).
150.-H. HENNEBERG: Redes geodésicas de alta precisión: III Curso de Geodesia Superior
(1986).
15l.-M. J. SEVILLA: Cartografía Matemática (1986).
152.-P. ROMERO Y M. J. SEVILLA:Tratamiento Canónico del problema de Poincare. Mo-
vimiento del Polo. (1986)
153.-A. G. CAMACHOy M. D. MARTÍN: Constreñimiento S internos en la compensación de
Estaciones. (1986)
154.-J. OTERO: An Approach to the Scalar Boundary Value Problem of Physical Geodesy
by Means of Nash-Hormander Theorem. (1987)
155.-M. J. SEVILLA:Introducción al Problema Clásico de Molodensky. (1987)
156.-F. SANS6: Problemas de Contorno de la Geodesía Física. (1987)
157.-M. J. SEVILLA:Colocación mínimos cuadrados. (1987)
158.-L. MUSSIO: Estrategias del Método de colocación. Ejemplos de aplicación. (1987)
159.-M. J. SEVILLA,P. Muñoz, J. VELASCOy P. ROMERO: Calibración de un Distanciómetro
de infrarrojos en una Base Interferométrica (1987).
160.-A. Rrus, J. RODRfGUEZ,M. J. SEVILLA,R. VIEIRA, J. FERNÁNDEZ,C. DE TORO,A. G. CA-
MACHOy V. ARAÑA: Comunicaciones presentadas en la Sesión Científica de la Real
Academia de Ciencias Exactas, Físicas y Naturales, celebrada el día 4 de mayo de 1988
(1988).
161.-R. VIEIRA, A. G. CAMACHOY C. DE TORO: Cálculo de la Corrección de Marea en la
Península Ibérica (1988).
(continúa en la cuarta de cubierta)
162.-A. G. CAMACHO,R. VIEIRA, C. DE TORO Y J. FERNÁNDEZ:Estudio Gravimétrico de
la Caldera del Teide (1988).
t63.-A. J. GIL, M. J. SEVILLA,G. RODRÍGUEZy J. OTERO: Aplicaciones de la colocación
y Estudios del Geoide (1988).
t64.-R. VIEIRA, J. FERNÁNDEZ,C. DE TORO, A. G. CAMACHOy M. V. RUYMBEKE:Investi-
gaciones Geodinámicas en la Isla de Lanzarote (1988).
16S.-M. J. SEVILLA,P. ROMERO,A. NÚÑEZ y B. BADA: Compensaciones y resultados (1988).
t66.-R. VIEIRA, C. DE TORO Y A. G. CAMACHO:Investigaciones en mareas (1988).
167.-A. NÚÑEZ, M. J. SEVILLA Y J. M. AGRIA: Determinación Astrogeodésica del Geoide
en Portugal (1988).
168.-M. J. SEVILLAY P. ROMERO: Pre-Processing Geodetic Data of the Volcanic area of
Teide to monitoring deformations (1988).
169.-M. J. SEVILLAY A. J. GIL: Fórmulas diferenciales para los problemas Geodésicos
directo e inverso en el método de la cuerda (1988).
170.-Zd. SIMÓN, V. STANCHEV,C. DE TORO,A. P. VENEDIKOVy R. VIEIRA: Relation between
earth tide observations and some other data (1988).
171.-J. OTERO: On the Global Solvability of the fixed gravimetric boundary value problem
(1989).
172.-R. VIEIRA, J. FERNÁNDEZ,C. DE TORO Y A. G. CAMACHO:Comunicaciones presentadas
en el XI International Symposium on earth tides. Helsinki (1989).
173.-A. RIUS y C. JACOBS:Precise V.L.B.!. surveying at the Madrid DSCC (1989).
174. J. OTERO Y M. J. SEVILLA: Modelo matemático para el ajuste simultáneo mínimos cua-
drados de un bloque fotogramétrico (1989).
17S.-F. SACERDOTE:I Problemi sopradeterminati in Geodesia Fisica e 11 Problema dell'AI-
timetria-Gravimetria (1989).
176.-M. J. SEVILLA: Soluciones progresivas en el método de Mínimos Cuadrados (1989).
177.-M. J. SEVILLAY P. ROMERO: Compensación de Redes de Nivelación Trigonométrica
(1989).
178.-J. OTERO Y M. J. SEVILLA: On the optimal choice of the standard parallels for a con-
formal conical projection (1990).
179.-R. VIEIRA, J. FERNÁNDEZ,M. VAN RUYMBEKE,A. G. CAMACHO,J. ARNOSOy C. TORO:
Geodynamic Research in Lanzarote (Canary Islands) (1990).
180.-M. J. SEVILLA,A. GIL Y P. ROMERO: Adjustment of the first order gravity net in ihe
Iberian Peninsula (1990).
181.-R. VIEIRA, J. MAKINEN,A. G. CAMACHOy M. J. SEVILLA: Observaciones absolutas de
la gravedad en España (1991).
182.-M. J. SEVILLA: Criterios de precisión cartográfica (1991).
183.-A. P. VENEDIKOV,R. VIEIRA Y C. DETORO: A new method for earth tide analysis (1992).
184.-M. J. SEVILLA: Mare Nostrum. Geomed Report-2 (1992).
18S.-E. SARDON,A. RIUS y N. ZARRADA:GPS Inospheric Delays (1993).
186.-M. J. SEVILLA: Teoría de Errores de observación (1993).
Depósito Legal: M. Sep. 894·1958
/ SSN: 0213 . 6/98 Realigrai, S. A., Burgos, 12. 28039 Madrid
